Metachromatic
interaction between heparin and some cationic dyes, toluidine blue,' methylene blue,2~ 3 azure A,4~ acridine orange,l~'3)'5) and crystal violet2> was spectrophotometrically studied by many investigators.
Interaction of toluidine blue with heparin in the presence of sodium chloride or albumin is described in this paper.
Experimental. Materials. Heparin (sodium salt) (159 USP units/mg) was obtained from Sigma Chemical Co. (St. Louis, Mo., U. S. A.).
Chondroitin sulfate A (sodium salt) was obtained from Seikagaku Kogyo Co. (Tokyo).
Toluidine blue (toluidine blue 0) was a commercial preparation of E. Merck AG (Darmstadt, Germany).
Bovine albumin was purchased from Armour Pharmaceutical Co. (Kanakakee, Ill., U. S. A.).
Methods.
Reactions of heparin with positively charged substances such as toluidine blue, sodium chloride, and bovine albumin were carried out in aqueous solutions at room temperature.
The absorption spectra of the reaction mixtures were measured with a Hitachi recording spectrophotometer in quart cells within 20 min at room temperature.
Dialyses o f TB-heparin mixture and TB. 5 ml of TB (0.001%) -heparin (0.00625%) solution or TB (0 .001%) solution was dialyzed against 3 changes of 50 ml of distilled water at 3-5° for 3 days. The absorption spectrum of the dialyzed solution was measured as described above.
Results and discussion. TB (0.001%) gave an absorption spectrum which exhibited an absorption maximum at 640 mp (Figs. 1, 2, and 4).
A new absorption peak in each system is found as a result of the formation of a complex between ---:
TB (0.001%). TB and H. The wavelength of the absorption peak is a function of the extent of interaction between TB and H. The presumption that H may interact with TB in aqueous solution to form a TB-H complex was further confirmed by the measurement of the absorption spectra (Fig. 3) of the dialyzed solutions of TB (0.001%)-H (0.00625%) and TB (0.001%) . The results presented in Figs. 1 and 2 also indicate that maximum metachromasy is produced at .a TB-H concentration ratio of 0.001% : 0.003125%. The absorption peak at 542 mp of the TB (0.001%)-H (0.003125%) system appears to be the 7-band of TB polymer which formed by interaction of TB with H. This finding accords with Yamabe's resultsl> that TB--H (concen- property of H may be due to -SO3H residues which were regularly arranged on repeating dimeric units of glucosamine and glucuronic acid in H molecule.
The dependence of the TB (0.001%)-H (0.003125%) system on sodium chloride (0.0025 M, 0.01 M, and 0.03 M) is presented in Fig. 4 . The gradual disappearance of the absorption spectrum of the TB (0.001%)-H (0.003125%) complex caused by the addition of sodium chloride may be due to the replacement of the dye molecules with Nat. Fig. 5 shows the effect of bovine albumin (0.05%, 0.15%, and 0.25%) on the interaction between TB (0.001%) and H (0.003125%).
The results show that the albumin does considerably affect the interaction of TB with H. The dissociation of the TB--H complex by the addition of the albumin appears to be the result of the easy exchange of the dye molecules with the albumin molecules. It is clear, from the results, that heparin in low concentrations reversibly interacts, in aqueous solutions at room temperature, with positively charged substances, toluidine blue, Na+, and albumin.
Under the conditions described above, H does not seem to combine with the positively charged substances by a covalent bond. Since H behaves as a polyanion,6~ the interaction of H with the positively charged substances may be considered to belong to an ionic bond reaction or a semipolar bond reaction rather than the covalent bond reaction. Therefore, the interaction of H with the positively charged substances seems to belong to a reversible cation-exchange reaction.
In the interaction, H may play as a proton donor, and each of toluidine blue and albumin reacts as a proton acceptor with H polyanion.
Sodium chloride acts as Nat. The -SO3H and -COON groups of heparin may play as receptor sites for the positively charged substances, [TB•H] +, [albumin•bH] b+, and Na+ (b: denotes number of reactive sites of albumin for -S03 and -COO-bound anions, H: hydrogen atom).
On the basis of the observations, it is concluded that heparin possesses a cation-exchange behavior. This conclusion supports Dorfman's cation-exchange theory7> described for some of physiological functions of acid mucopolysaccharides.
Summary. Heparin interacts, in aqueous solution at room temperature, with positively charged substances such as toluidine blue, albumin, and sodium ion to form a complex.
The interaction belongs to a reversible semipolar (or ionic) bond reaction. It is suggested that heparin possesses a cation-exchange behavior.
